A search for pulsating pre-main sequence (PMS) stars was performed in the young open cluster NGC 6383 using CCD time series photometry in Johnson B & V filters. With an age of only ∼1.7 million years all cluster members later than spectral type A0 have not reached the ZAMS yet, hence being ideal candidates for investigating PMS pulsation among A and F type stars. In total 286 stars have been analyzed using classical Fourier techniques. From about a dozen of stars within the boundaries of the classical instability strip, two stars were found to pulsate: NGC 6383 #170, with five frequencies simultaneously, and NGC 6383 #198, with a single frequency. In addition, NGC 6383 #152 is a suspected PMS variable star, but our data remain inconclusive. Linear, non-adiabatic models assuming PMS evolutionary phase and purely radial pulsation were calculated for the two new PMS pulsators. NGC 6383 #170 appears to pulsate radially in third and fifth overtones, while the other three frequencies seem to be of non-radial nature. NGC 6383 #198 pulsates monoperiodically, most probably in the third radial overtone. Magnitudes and B − V colours were available in the literature for only one third of all stars and we used them for calibrating the remaining.
1995), as well as in PMS members of the young open cluster NGC 6823 (Pigulski, Kolackowski & Kopacki 2000) . All known PMS pulsators populate the spectral range between A2 and F5, their periods lie between 18 minutes (Amado et al. 2004 ) and several hours, and their amplitudes are at millimagnitude level.
The evolutionary tracks for pre-and post main sequence stars intersect such that stars of fundamentally different evolutionary state have the same effective temperature and luminosity (Breger & Pamyatnykh 1998) . Hence, the determination of the evolutionary state of a field star may be ambiguous. Therefore, young open clusters are most suitable to search for pulsating PMS stars.
THE YOUNG OPEN CLUSTER NGC 6383
The open cluster NGC 6383 (α2000 = 17 h 34. m 8, δ2000 = −32
• 34 ′ ) is only ∼ 1.7Myr old and belongs to the Sgr OB1 association (together with NGC 6611, NGC 6530 and NGC 6531). It has a diameter of ∼20 arcminutes and is centered around the bright spectroscopic binary HD 159176. Eggen (1961) studied the stars in NGC 6383 using photoelectric photometry and found that all stars later than A0 lie above the ZAMS. Thé (1965) performed a photo-graphic study in a circular area of ∼12 arcminutes radius and could confirm Eggen's results. The core of the cluster was investigated by Fitzgerald et al. (1978) using photoelectric photometry to derive an average colour excess E(B − V ) = 0.33 ± 0.02, a cluster distance of 1.5 ± 0.2 kpc, an apparent distance modulus V − MV = 11.90 ± 0.25 corresponding to (m − M )0 = 10.9 (adopted for our analysis) and a cluster age of 1.7 ± 0.4 Myr. The spectral energy distributions of stars in the central part of NGC 6383 were studied by Thé et al. (1985) with photoelectric photometry in the Walraven WULBV, Cousins VRI and Near-IR JHKLM photometric systems. Their derived colour excess E(B − V ) = 0.3 ± 0.01 and distance of 1.4 ± 0.15 kpc agree well with the values by Fitzgerald et al. (1978) . Van den Ancker, Thé & de Winter (2000) investigated the central part of this cluster using low-resolution CCD spectroscopy and confirmed that all stars later than A0 lie above the ZAMS. They also report that several cluster members show an infrared excess, indicative of the presence of circumstellar dust, heated by the central star. They found Hα in emission only for their star #4 and identified it as a new Herbig Ae star.
All these characteristics make NGC 6383 an ideal target for the search of PMS pulsating stars.
OBSERVATIONS & DATA REDUCTION
CCD photometric time series in Johnson B & V filters were obtained with the 0.9m telescope at the Cerro Tololo Interamerican Observatory (CTIO), Chile, from Aug 11 to Aug 24, 2001 , using the 2084 x 2046 SITe CCD chip, which provides a field of view (fov) of ∼13 x 13 arcminutes. In total, 53.25 hours photometry could be acquired within 8 clear nights.
The basic reductions (bias subtraction, flat-fielding) were performed using standard IRAF routines. The Multi Object Multi Frame (MOMF) software developed by Kjeldsen & Frandsen (1992) was used to extract the photometric signal. MOMF is optimized to analyze photometric time series (i.e. a large number of CCD frames per night) of semicrowded fields by combining point-spread function fitting and aperture photometry. MOMF determines absolute and relative magnitudes of each star identified on the frames and their corresponding standard deviations. The absolute values are raw, uncorrected, instrumental magnitudes, whereas the relative light curves are determined by subtracting a weighted mean of all stars on the frame. Variable and nonvariable, extremely red or blue stars are used to determine the weighted mean, requiring colour-dependent extinction corrections (see Sect. 3.1).
286 stars have been identified (see Fig. 1 ) for which light curves using the optimum aperture producing minimal point-to-point scatter were generated. Nightly means were subtracted to correct for zero-point changes and long-term irregular light variations which probably are due to variable extinction by circumstellar dust.
For all 286 stars, a detailed frequency analysis was performed in both filters using the Fourier Analysis program Period98 (Sperl 1998) which is based on the Discrete Fourier Transformation (DFT, Deeming 1975 ) and provides a multisine fit option. A signal was considered to be significant if it exceeds four times the noise level in the amplitude spectrum. (Kuschnig et al. 1997) .
Our own star numbers are used, cross references with the literature are given according to the publications by Fitzgerald et al. (1978) , e.g. NGC 6383 #F4, by Thé (1965) , e.g. NGC 6383 #T47, and Evans (1978) , e.g. NGC 6383 #EV281.
Colour-dependent extinction
A systematic effect was encountered for differential light curves of some stars. Towards the end of the nights some stars became continuously brighter, but others fainter. The corresponding Bouguer plots (i.e. magnitude vs. airmass) showed that different colours were the explanation. Hence, the extinction correction had to include also the colourdependent coefficient k ′ (Sterken & Manfroid 1992) in:
where m0 is the uncorrected magnitude, X is the airmass and k 0 the principal extinction coefficient. In our case, the colour index CI was taken as (B − V ).
The (B−V ) values available in the literature for 97 stars show a clear correlation with the slope, k, of the Bouguer plots (see Fig. 2 ). The relation between the 97 stars with (B − V ) from the literature and the instrumental (B − V ) values from our observations is modelled by an inverse second-order polynomial (solid line in Fig. 2 ). The three polynomial coefficients evaluate to a0 = −0.712 ± 0.052, a1 = +0.692 ± 0.084 and a2 = +0.177 ± 0.029. (B − V )instr values for all stars could then be transformed to the standard system according to:
where (B − V )trans are the transformed indices and (B − V )instr are our instrumental values (see Fig. 2 ). The other PMS candidates for pulsation remain inconclusive in our data (e.g. they show variability only in one filter or the data quality is not good enough) and therefore need further investigation.
VARIABLE STARS

Pulsating PMS stars
NGC 6383 #170 (#F4)
For NGC 6383 #170 (V = 12.61 mag), Thé, Hageman & Westerlund (1985) found Hα in emission and a large amount of excess radiation in the NIR, typical for Herbig Ae/Be stars. With a spectral type of A5 IIIp, a confirmed membership to NGC 6383, and a position above the ZAMS #170 is a newly discovered PMS pulsator (see Fig. 3 ). Five frequencies spanning a period range between 1.24 and 2.89 hours have been detected. These frequencies, Johnson B & V amplitudes and phase shifts are listed in Table 1 . All amplitude and phase errors were computed using the software package epsim (Reegen 2003) .
Linear, non adiabatic pulsation was calculated for radial modes of PMS models resulting in three possible so- lutions. No model reproduces all five frequencies simultaneously, but given the probable coexistence of radial and nonradial modes in these stars this could simply mean that not all frequencies correspond to radial pulsation. The model fitting the observed frequencies best, gives a stellar mass of 2.5M ⊙ , log L/L ⊙ = 1.68, T eff = 8100K, and pulsation in third (f1) and fifth overtones (f2). The solution seems to be optimal, because it is closest to the parameters derived spectroscopically by van den Ancker, Thé & de Winter (2000) : log L/L ⊙ = 1.69 and T eff = 8090K (filled symbol in Fig. 4 ).
NGC 6383 #198 (#T55)
Only one frequency of 19.024 d −1 , corresponding to a period of ∼ 1.26 hours, is significant in both filters (see Table 1 ), but the light curve shown in Fig. 5 indicates multi-periodicity. (2000); the star shows the optimum model for #198; the dashed box indicates the empirical ranges of log T eff and log L/L ⊙ for #198; the shaded area is the theoretical PMS instability strip for the first three radial modes (Marconi & Palla, 1998 Calculations of linear, non-adiabatic, radial pulsation models were performed (see Fig. 4 ). As no spectral classification is available for this star, the V and (B − V ) values were used to derive empirical ranges of luminosity and effective temperature based on the transformations given by Kenyon & Hartmann (1995) . These ranges are indicated by the dashed box in Fig. 4 . Only for pulsation in the third overtone (TO) the theoretical models have temperatures and luminosities close to the observations. Such a high overtone mode is rather difficult to explain in case of monoperiodic pulsation, other modes may be buried in the noise.
Relying on the cluster membership of NGC 6383 #198, it seems reasonable that the star pulsates with a single frequency in the third radial overtone having 2.0M ⊙ , log L/L ⊙ = 1.3 and T eff = 7345K. With (B − V ) = 0.57 mag #152 falls within the boundaries of the classical instability strip (Fig. 10) . But only one significant frequency of 2.55 d −1 with a peak-to-peak amplitude of ∼30 mmag appears in the B data. Unfortunately the V filter data are of worse quality, where the noise is so dominant that no peak in the amplitude spectrum exceeds four times the noise level.
Although this star has been one of the primary targets in NGC 6383 to search for PMS pulsators, it remains inconclusive in our data. Longer time series of better quality have to be obtained to unambiguously decide about variability.
Other Variables
For several other stars, that probably are not pulsating PMS cluster members, variability could also be detected. A list of suspected variable stars is given in Table 2 .
NGC 6383 #15 (#T47)
V = 10.03 mag and (B − V ) = 0.34 mag together with its position in the HR-diagram indicate that this star is not a member of the cluster. Two frequencies, corresponding to periods of 1.645 and 1.414 hours, were found to be significant (see Table 1 ). As it is most likely in the foreground, it seems to be a classical δ Scuti type star (see Fig. 6 ). The amplitude and phase errors were computed using the software package epsim (Reegen 2003) .
NGC 6383 #25
No astrophysical parameters were available from the literature for NGC 6383 #25. Our transformation yields V = 16.77 mag and B − V = 1.58 mag. A frequency of 1.19755 d −1 , i.e. a period of 20.04 hours, leads to a phase plot shown in Fig. 7. (B − V ) = 1.58 mag corresponds to a spectral type of M5 and is associated to M/M ⊙ = 0.21, and R/R ⊙ = 0.27 according to Schmidt-Kaler (1965) . Assuming a rotation period of 20.04 hours, the equatorial rotational velocity is 
NGC 6383 #71
No astrophysical information was available from the literature for NGC 6383 #71. Our calculations give V = 15.37 mag and (B − V ) = 1.35 mag. If the star belongs to the cluster, it is an early K type star (Schmidt-Kaler 1965) .
Two frequencies of 2.759 and 2.240 d −1 , i.e. periods of 8.688 and 10.714 hours, respectively, were detected (Fig. 8) . A variability on this time scale cannot be explained assuming cluster membership. Permitting NGC 6383 #71 to be more distant than the cluster itself, interstellar reddening may shift its position in the HR-diagram into the SPB, or β Cephei domain. A clear decision can only be drawn from spectroscopy.
NGC 6383 #64
No information about this star was found in the literature. According to our observations, the star has only 16.72 mag in V and (B − V ) = 1.63 mag. A single frequency of ∼2.499 d −1 (corresponding to a period of 9.605 hours) with a peakto-peak amplitude of approximately 20 mmag is found to be significant in both B and V light curves and leads to the phase plot shown in Fig. 9 . techniques in order to detect pulsation among PMS members of spectral types A to F. A higher number of PMS pulsators would allow to confine the boundaries of the PMS instability strip observationally and especially investigate a possible difference to the classical instability region.
CONCLUSIONS
The computed V and (B − V ) values were dereddened using E(B − V ) = 0.33 ± 0.02 mag and the apparent distance modulus of V − MV = 11.90 ± 0.25 corresponding to (m − M )0 = 10.9 and a distance of 1.5 ± 0.2 kpc derived by Fitzgerald et al. (1978) . Out of 15 cluster members that fall in the region of the classical instability strip (see Fig. 10 ), for only two, NGC 6383 #170 and NGC 6383 #198, pulsation could be clearly detected, whereas for NGC 6383 #152 variability can only be suspected. This corresponds to 20% variable stars within the region of the classical instability Fitzgerald et al. (1978) , T ... Thé (1965) ), Mv and (B − V ) 0 are derived using E(B − V ) = 0.33 mag and V − Mv = 11.9 mag, the spectral types (sp) are taken from the literature (2000) found a large infrared excess, Hα in emission, and indications for the presence of circumstellar gas in the spectrum. We support the idea of circumstellar material around NGC 6383 #170, because the raw photometric time series show additional irregular light variations on longer time scales than for pulsation. Only magnitude and colours are available in the literature for NGC 6383 #198, but its light curve and position in the HR-diagram provide clear evidence for another new PMS pulsator.
For all stars on the frames, V magnitudes and B − V colours are given in Table A1 in the Appendix.
The location of 15 known PMS pulsators in the HRdiagram is shown in Fig. 11 . The values for T eff and L/L ⊙ for the PMS pulsators are taken from Marconi & Palla (2003) , Marconi (2004, priv. comm.) , Amado et al. (2004) and Koen et al. (2003) , the PMS evolutionary tracks from D'Antona & Mazzitelli (1994), the borders of the classical instability strip from Breger & Pamyatnykh (1998) , where RE obs marks the empirical red edge, BE the general blue edge for the radial overtones, and BEF the blue edge for the fundamental mode. However, the number of known PMS pulsators remains insufficient to determine empirically the PMS instability strip. 
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